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THE BUFFALO HIGH-TENSION CABLE DISTRIBU-
TION SYSTEM.
BY HAROLD W. BUCK.
In the development of the electrical transmission of power
nany propositions are being presented of a water power or coal
mine situated withini such a distanee of a city that it is cheaper to
transmit power from the imiine or waterfall than to generate it by
steam in the city itself. In sueh systems three erngineering
elements must be considered: first, the generating plant; second,
the transmission line, and third, the method for distributing the
power at the end of the transmission line. Electri.cal generatinig
plants and transinission lines have been the subject of many dis-
cussionS, but the terminal arrangements for transmiission lines are
newer in their development, and it is the object of this paper to
bring the matter up before the members of the INSTITUTE for dis-
cussion, the problem presented being the best method of distribut-
ing the power throughout a city after a point has been reached on
the transmission line where it is no longer safe to carry the powter
overhead at the transmission voltaw,e. Such limitations exist on
the outskirts of all cities.
In order to serve as a basis for discussion and to point out the
various considerations, which enter a brief description will be
given of the method which has been adopted for the distribution
of Niagara powei in Buffalo.
Fig. 1 shows a map of the Niagara-Buffalo transmission line
indicating the relations between the overhead circuit and the cir-
cuits of distribution within the Buffalo city limits, the numeral 3
on the map indicating the terminus of the 22,000-volt overhead
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three-phase lines. At this point the three overhead circuits, each
having a capacity of 10,000 H. P. at 7 per cent. line loss, enter
a terminal house, and are connected, as shown in Fig. 2, through
circuit breakers, seleetor switches, bus bars, etc., to the 22,000-volt
primiaries of the step-down transformers. These transformers
have a capacity of 3,0090 R. P. each, and are of the oil-water cooled
type. The secondaries of the transformers are wound for 11,000
volts, making the ratio of reduction- of voltage 2: 1. The second-
aries of the transformers are connected through selector switches
and two sets of bus bars to the underground cables, each of which
is connected through an air-break cirecuit-breaker. With the
arrangement shown, the Buffalo system can be operated in two
sections if desired, and any overhead circuit or any cable con-
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nected to either of the banks of transfortmers. The 11,000-volt
cables suipplied fronm the secondaries of the terminal house trans-
formers are drawn through tile duets under the streets in the
usual nanner, and carry the power to the various sub-stations-
throughout the city of B3uffalo. At present there are five feeders,
each consisting of No. 000 triple-conductor lead-covered cables.
Two of these have 9/32" ruibber, two 8/32" rubber and one
64/32" paper and 4/32" paper over-all. The lead in all cases is
' thick.
Fig. 3 shows the general arrangemient of cables througcrhout the.
city, with the various imethods whieh are uised for transferring
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fromn one to another and for cutting oat damaged seetions of a
cable by means of seetion switches, so that the entire length of
cable from the terminal house will not have to be cut out of
service. Special attention is called to these section switches,
whieh are shown in Fig. 4. They are of the triple-pole, single-
throw type of oil-break switch, with a waterproof hood of iron
bolted to the top of the switch frame for the protection of cable
heads and leads. These switches are installed in vaults under the
city streets, placed at convenient intervals. Some of the vaults
are as large as 10' x 12'. The switches are absolutely waterproof
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FIG. 2.-Connections Buffalo Termiinal House.
and could be submerged, if necessary, without danger, and will
open the circuits under heavy loads without difficulty. They
have proved of great convenienDe at ti'mes when repairs have
been necessary on sections of the cables, and for locating faults
without the necessity of cutting the cable. I believe that under-
grounid section switches of this kind would prove of great service
to all hih-tension cable systemns, and believe that the design
shown is entirely safe for service at 111,000 volts.
In all, seven suab-stations are supplied with power at 11,000
volts, three-phase, distributed as follows with reference to
F;g 3:
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Station No. 4.-2,000 it. P. for railway purposes, transformed from 11,000
volts to 360 volts, and fed to four 500 H. P. rotary converters. 1,000 H. P. for
general power distribution on a tertiary system at 2,200 volts, three-phase, the
voltage being lowered from 11,000 volts, by three 250 K. w. transformers. This
2,200-volt distribution is partly overhead and partly underground.
Station No. 5.-1,500 n.1 P. for railway purposes, transformed from 11,000
volts to 360 volts, and fed to three 500 H. P. rotary converters.
Station No. 6.-1,000 H. P. for railway service, as in Station No. 5.
Station No, 7.-5,000 H.P. is transformed from 11,000 volts to 360 volts and
fed to the plant of the Buffalo lighting company in an adjacent building.
1,000 H. P. transformed to 2,200 volts, three-phase, for general power distribu-
tion on the tertiary system.
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FIG. 3.-Buffalo 11,000-Volt Cable System.
Station No. 8.-2,000 H. P. transformed from 11,000 volts to 2,200 volts
three-phase, for power distribution on the tertiary system.
Stat on No. 9.-1,600 H. P. transformed from 11,000 volts to 360 volts, for
supplying power to three 500 H. P. rotary converters forrailway purposes.
Station No. 10.-i ,000 H. P. for railway purposes, as in Station No. 9.
It might be asked why the power is not transmitted from
Niagara Falls at 11,000 volts and distributed through the under-
ground cables without transfortnation., It will be found, how-
ever, that the saving in copper on the transmission ]ines by the
use of 22,000 volts more than pays for the transformer installa-
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tion in the terminal house and that the saving iin line loss is
greater than the loss introduced by the step-down transformers.
The longer the transmnission line tle greater would be the pro-
portioniate saving. It may also be asked why, if the overhead
lines are to-be operated at 22,000 volts, the transmnission cannot
continue at this voltage throughout the cable systeimn in order to
avoid the use of step-down tranisformers. It is trte. that there
have been examnples of successful operation of nderground
cables at voltages even higher than 22,000 volts, notably the
transmission from the plant of the St. Croix Power Company;
but, obviously, what can be done on a through trunk line cannaot
be safely done on a nietwork, and the Buffalo underground sys-
tem is essentially a network. It has many lateral connections,
frequent joints, section switches, cable heads and switchboard
connections, and under these conditions, which are probably no
different from the requirements of other cities, I believe that
11,000 volts is, in the present state of the art atleast, the highest
voltage which should be considered. The success of the Buffalo
power distribution at 11,000 volts, which has covered a period of
abouit four years, has, however, demonstrated the safety and
feasibility of using a potential as high as this, provided the great-
est precautions are taken in the selection and installation of
cables, and in the insulation of all terminal appliances. It seems
to show that there is no longer any reason for fixing the prevTail-
ing voltage of 6,600 volts as the safe limit for underground work
and for paying for the extra copper and duets required by the
lower voltage.
In cases of short-eircuib in the cables, practically no damage is
done at 11,000 volts on account of the small current. Short-
circuits have occurred on these cables, whieh have had the whole of
Niagara power back of them, and it has been found, after locating
the fault, that the lead was barely melted off around the fault.
At 6,600 volts such a short-circuit would undoubtedly blow the
cables to pieces on account of the greater current, the heat
energy at the fault being nearly four times as great. This is a
practical advantage, for it reduces the risk of damage to adjacent
cables and duets.
In the city of Bufalo, then, we find a distributing company
called the Cataract Power and Conduit Company purchasing
power from the Niagara Falls Power Company at the Buffalo
city line, at the transmission voltage, lowering it to 11,000 volts,
three-phase, 25-cycles, and distributing it as raw material in this
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form as dealers in power. To the railway com-pany it is deliv-
ered for transformation and conversion for use on their own
direet-eurreent circuits, to the lighting company for conversion
into the various forms in which they re-distribute it to sinall con-
sumers, and it is also delivered to various factories using power
in quantities from 75 _j. P. and npwards, to which consumers
power is supplied from the tertiary systemimentioned at 2,200
volts, three-phase, from sub-stations owned and operated by the
Cataract Power and Coinduit Company.
Frorn a business as well as an engineering standpoint it is be-
lieved that the methods used in Buffalo as described are very
satisfactory and "economical. The primarv compa-ny, viz., the
Niagara Falls Power Company, confines its attention to the germ-
erating plant and transmission line, the distributing company to
the delivery of three-phase 25-cycle alternating current power,
and the railway and lighting companies to the interests of their
own circuits. This separation of responisibilities is entirely logi-
cal and most conveniient. It would still be better if the Cataract
Power and Conduait Comipany could confine itself to the de-
livery of power at a single voltage, viz., 11,000 volts, but the ter-
tiary distributing system at 2,200 volts is necessary, for the reason
that it is obviously not safe to supply smnal1 consurmers of power,
such as small factories, with connectiorns, at so high a voltage.
By transformation to 2,200 volts the numerous " grounids " which
occur on these circuits are made independent of the main cable
svstem, and the induction of the transformers adds to the self-
introduction of these circuits and limits the violence of short-cir-
cuits which occulr upon them.
The transformation of -voltage at the city line fromn 22,000 volts
to 11000 volts, beside being necessary, is also a positive engineer-
ing advantage, for the reason that it renders the 1 1,000-volt cable
system independent of " gro-unds," and high voltage disturbances
from lightning, resonance, etc., which occur at times on the
trarsmission line, since there is no electrical coninection between
the two. Although there have been several instances of rises
of poten-tials on the overhead line far above the normai, result-
ing probably from resoinance, no rises of voltage have been
rioted as having been transmitted to the cables by induction
through the cores of the step-down transformers.
It is believed that the methods here deseribed are practicable
and conivenient, and can be safely followed in principle by those
who are planning similar systems of distribution.
